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ABSTRACT
This paper proposes to use caching strategies to speed up quantum
simulation by avoiding redundant work across multiple simulator
runs.
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1 INTRODUCTION
Simulating quantum computers on classical hardware is necessary,
for instance, to guide the design of the next generation of quan-
tum hardware. Quantum simulation is computationally expensive,
a problem that is exacerbated by the growing number of qubits
on current quantum accelerators. This makes it crucial to reduce
computational overheads for quantum simulation wherever pos-
sible. Most prior work on quantum simulation considers different
simulator runs in isolation. However, this perspective neglects the
potential to reuse partial results across invocations. This abstract
proposes to adapt caching strategies, used by relational database
systems for decades, to avoid redundant computation in quantum
simulation as well.

2 PROBLEM SETTING
This abstract refers to a scenario in which a quantum simulator
simulates the same quantum circuit repeatedly. In this scenario,
caching can help to reduce computational overheads of quantum
simulation by avoiding redundant work across simulations. While
consecutive simulator runs focus on the same circuit, it is assumed
that the input parameters used for the circuit may change from
one run to the next. This corresponds to users testing a quantum
algorithm on different problem instances. In an extension of the
aforementioned scenario, we can assume that not one but multiple
quantum circuits should be simulated repeatedly. If these circuits
have common parts, cache content may be reused across different
circuits. This becomes particularly attractive in scenarios in which
users apply alternative circuits to the same problem instances, e.g.,
to compare the performance of different quantum algorithms. In
that case, intermediate results concerning components that are
shared by different circuits can be directly reused.
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Figure 1: Overview of cache-aware quantum simulation.

3 SYSTEM OVERVIEW
Figure 1 shows how to integrate caching strategies into quantum
simulators. Users submit the identifier of a quantum circuit, together
with input parameters. To guide future caching decisions, the cache-
aware quantum simulator must collect statistics regarding the input
parameters (allowing it to calculate the reuse probability for certain
cache entries). Based on the target circuit and input parameters,
the cache-aware quantum simulator performs a cache lookup, iden-
tifying cache entries that can help to speed up the current quantum
simulation. After that, the quantum simulator performs remaining
work, starting from cached quantum states wherever possible. The
cache-aware quantum simulator then applies a cache replacement
policy to determine which, if any, of the intermediate results gener-
ated during the current simulation to store in the cache. The final
output is returned to the user.

4 CACHE ENTRIES
Different quantum simulators represent quantum states in different
formats. For instance, quantum simulators based on Schrödinger’s
algorithm [1, 2] represent quantum states as a vector, associating
each combination of qubit values with an amplitude. Compression
may be used to reduce the size of that vector, compared to a naive
representation that takes space in 𝑂 (2𝑘 ) (where 𝑘 is the number of
qubits). From the perspective of the caching component, the precise
representation does not matter, as long as meta-data such as the
representation size and the cost savings via reuse are known.

5 CACHING POLICY
The total space that can be used for caching is limited. This moti-
vates a cache replacement policy that weighs the benefits of caching
different quantum states. First, the caching policy should take into
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account the probability that a cache entry can be reused, 𝑃𝑢𝑠𝑒 (𝑒)
for a cache entry 𝑒 . In the simplest version, this probability is based
on statistics collected about the input workload, using the ratio of
inputs for which the cache entry could be used. A more sophisti-
cated version takes into account other cache content. E.g., caching
quantum states that appear later in a circuit can render quantum
states that appear earlier in the circuit redundant (for the same
input). Second, the caching policy should take into account 𝐶 (𝑒)
the overheads of re-computation if cache entry 𝑒 is not available
(preferring to cache entries where recomputation is expensive).
In the simplest version, cost can be approximated by the cost of
computing the stored entry. A more sophisticated cost metric takes
into account that the cache entry may be recomputed in a different
way, exploiting other cache entries as a starting point. Finally, the
expected benefit and the storage 𝑆 (𝑒) required for cache entry 𝑒 can
be integrated using a formula such as 𝑃𝑢𝑠𝑒 · 𝐶 (𝑒)/𝑆 (𝑒), replacing

existing entries if their value is lower than for the new entry. Future
research must evaluate caching strategies with different degrees of
sophistication when comparing candidate cache entries in terms of
their empirical performance.
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